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pathetic comprehension. We no longer think of our¬ 
selves as alien from the rest of nature, using our lord- 
ship over it for our own advantage; we recognise 
ourselves as part of nature, and by acknowledging 
our kinship we are on the surest road to an intelligent 
mastery. But I must mention one name, that of Carl 
Hagenbeck, of Hamburg, to be held in high honour 
by all zoologists and naturalists, although he was not 
the pioneer, for the open-air treatment and rational 
display of wild animals in captivity were being begun 
in many parts of the world while the Thier-Park at 
Stellingen was still a suburban waste. He has brought 
a reckless enthusiasm, a vast practical knowledge, and 
a sympathetic imagination to bear on the treatment 
of living animals, and it would be equally ungenerous 
and foolish to fail to recognise the widespread and 
beneficent influence of his example. 

However we improve the older menageries and how¬ 
ever numerous and well-arranged the new menageries 
may be, they must always fall short of the conditions 
of nature, and here I find another reason for the 
making of zoological sanctuaries throughout the 
world. If these be devised for the preservation of 
animals, not merely for the recuperation of game, if 
they be kept sacred from gun or rifle, they will become 
the real zoological gardens of the future, in which our 
children and our children’s children will have the 
opportunity of studying wild animals under natural 
conditions. I myself have so great a belief in the 
capacity of wild animals for learning to have con¬ 
fidence in man, or rather for losing the fear of him 
that they have been forced to acquire, that I think 
that man, innocent of the intent to kill, will be able 
to penetrate fearlessly into the sanctuaries, with 
camera and notebook and field-glass. In any event, 
all that the guardians of the future will have to do 
will be to reverse the conditions of our existing 
menageries and to provide secure enclosures for the 
visitors instead of for the animals. 

I must end as I began this address, by pleading 
the urgency of the questions I have been submitting 
to you as an excuse for diverting your attention to a 
branch of zoology which is alien from the ordinary 
avocations of most zoologists, but which none the less 
is entitled to their fullest support. Again let me say 
to you that I do not wish to appeal to sentiment; I 
am of the old school, and, believing that animals are 
subject and inferior to man, 1 set no limits to human 
usufruct of the animal kingdom. But we are 
zoologists here, and zoology is the science of the living 
thing. We must use all avenues to knowledge of life, 
studying the range of form in systematic museums, 
form itself in laboratories, and the living animal in 
sanctuaries and menageries. And we must keep all 
avenues to knowledge open for our successors, as we 
cannot guess what questions they may have to put to 

nature. - 

SECTION E. 

GEOGRAPHY. 

From the Opening Address by Colonel Sir C. M. 

Watson, K.C.M.G., C.B., President of the 
Section. 

Leaving the Sudan, 1 I would like to allude to a very 
important geographical undertaking which has made 
considerable progress during the past year. This is 
the production of the international map of the world 
on the scale of i/ioooooo, a project which has been 
under the consideration of the leading geographers 
of the important countries for more than twenty 
years, since it was first proposed at the International 
Geographical Congress held at Berne in 1891. The 
question was discussed at succeeding geographical 

1 The main part of the address dealt with the geography of the Sudan 
and some important points in its history. 
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congresses, but did not take definite shape until the 
meeting held at Geneva in 1908, when a series of 
resolutions dealing with the subject were drawn up 
by a committee composed of distinguished men of 
many nations, which was appointed to formulate rules 
for the production of the maps, so as to ensure that 
they should be prepared upon a uniform system. 

These resolutions were approved at a general meet¬ 
ing of the Geneva Congress, and were forwarded by 
the Swiss Government to the British Government for 
consideration, whereupon the latter issued invitations 
to the Governments of Austria-Hungary, France, 
Germany, Japan, Russia, Italy, Spain, and the United 
States of North America, asking them to nominate 
delegates to act as the members of an international 
committee to meet in London and debate the question. 
The committee assembled at the Foreign Office in 
November, 1909, and Colonel S. C. N. Grant, C.M.G., 
then Director-General of the British Ordnance Sur¬ 
vey, was appointed president. The proceedings were 
opened by the Under-Secretary of State for Foreign 
Affairs, Sir Charles Hardinge, G.C.M.G., now Lord 
Hardinge, who, in his address, referred to the pro¬ 
gress that had already been made with regard to the 
international map, and expressed the hope, on behalf 
of the British Government, that the great under¬ 
taking might be brought to a satisfactory conclusion. 

The main business before the committee was to 
settle on the mode of execution of the map, especially 
as regards the size of the sheets, so as to ensure that 
adjacent sheets, published by different countries, 
should fit together; and also to settle upon the sym¬ 
bols, printing, and conventional signs to be used, in 
order that these should be uniform throughout. A 
series of resolutions, embodying the decisions arrived 
at concerning these various points, was approved and 
drawn up in English, French, and German, the first 
of these languages being taken as the authoritative 
text. As the map was to embrace the whole surface 
of the globe, the method of projection to be adopted 
was, of course, a very important consideration, and, 
after due deliberation, it was decided that a modified 
polyconic projection, with the meridians shown as 
straight lines, and with each sheet plotted in¬ 
dependently on its central meridian, would prove the 
most satisfactory. 

The surface of the sphere was divided into zones, 
each containing four degrees of latitude, commencing 
at the equator, and extending to 88° North and 88° 
South latitude. There were thus twenty-four zones 
on each side of the equator, and these were distin¬ 
guished by the letters A to V north, and A to V 
south. This fixed the height of each sheet. For the 
width of the sheets, the surface of the sphere was 
divided into sixty segments, each containing six de¬ 
grees of longitude, and numbered consecutively from 
one to sixty, commencing at longitude 180°. This 
arrangement made each sheet contain six degrees of 
longitude by four degrees of latitude; but, as the 
width of the sheets diminished as they approached 
the poles, it was decided that, beyond 6o° North, or 
6o° South, two or more sheets could be combined. 
Each sheet could thus be given a clear identification 
number defining its position on the surface of the 
globe, without it being necessary to mention the 
country included in it, or the latitude and iongitude. 
For example, the sheet containing the central part of 
England is called North, N 30. 

In order ta ensure that the execution of all the maps 
should be identical, a scheme of lettering and of 
conventional topographical signs was drawn up and 
attached to the resolutions; and it was decided that a 
scale of kilometres should be shown on each sheet, 
and also a scale of the national measure of length 
of the country concerned. As regards the representa- 
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tions of altitude it was arranged that contours should 
be shown at vertical intervals of a hundred metres, 
or at smaller intervals in the case of very flat, and 
larger in the case of steep ground, the height being 
measured from mean sea-level, as determined in the 
case of each country; while the levels of the surface 
of the country were to be indicated by a scale of colour 
tints, the colours being green from o to 300 metres, 
brown from 300 to 2500 metres, and purple above 
2500 metres. In the same manner the depths of the 
ocean and of large lakes were to be indicated by 
varying tints of blue, so as to show intervals of 100 
metres. In order to ensure uniformity in the scale 
of colours to be used, a copy of it, as approved by the 
committee, was included in the plate of topographical 
symbols. 

The whole scheme was thoroughly well worked out, 
and great credit is due to the members of the inter¬ 
national committee for the manner in which they car¬ 
ried out their difficult task. Since the meeting of the 
committee in 1909 the preparation of the sheets, in 
accordance with the principles decided upon, has been 
taken in hand in several countries, and a number of 
these have been issued, which give a good idea of 
what this great map, the largest ever contemplated, 
will be like. These sheets deserve to be carefully 
studied, and will doubtless be the subject of consider¬ 
able criticism, as there are several points which seem 
worthy of examination. 

In the first place, it is for consideration whether 
it would not have been better if the colour scheme 
for representing differences of altitude had been 
omitted, as it is doubtful whether the advantage of 
the result gained is commensurate with the increased 
cost of printing the colours. And one naturally asks 
for what purpose is the map intended. Is it for the 
use of skilled geographers, of whom there are a com¬ 
paratively small number in each country, or is it for 
the instruction of ordinary people? If it is for the 
latter, it is to be feared that the colour scheme will 
give rise to erroneous impressions. Compare, for 
example, sheet North, M 31, of France, with sheet 
South, H 34, of part of South Africa. In the former, 
as the greater part of the country shown is less than 
300 metres above the sea, the general colour of the 
sheet is green, while in the latter, as nearly the whole 
of the country included has an altitude of more than 
300 metres, the map is for the most part brown. This 
to the less educated man will probably convey the 
idea that, while France is a fertile country, South 
Africa is a desert. The fact, too, that the darker tint 
of green represents the lower level and the lighter 
the higher, while, in the case of the brown, the lighter 
represents the lower and the darker the higher, and, 
in the case of the purple, the relative strength of the 
tints is again reversed, is rather confusing. 

There is another point as regards the colour scheme 
which might be noticed, that is, that it is not the 
same on different sheets. For example, the scale of 
tints adopted in sheet North, O 30 (Scotland), North, 
M 31 (France), and North, K 35 (Turkey), do not 
correspond. In the Scotch map the brown colour 
commences at an altitude of 200 metres, in the French 
at 300 metres, and in the Turkish at 400 metres. 
There may be some reason for this, but it appears not 
to be in accord with the resolutions of the committee. 
Another reason for omitting the colour scheme for 
altitudes is that it might be better to keep colour 
work for other purposes, such as indicating political 
divisions, as there can be little doubt that so good a 
map as this, when completed, will be largely used for 
many purposes. It might be better that on a map 
of this small scale only the horizontal features, such 
as coast lines, river courses, railways, roads, and the 
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position of towns should be shown, while to represent 
height graphically tends to obscure the former. 

Another criticism I would venture to make is that 
the resolutions of the committee appear to have been 
drawn up on the supposition that the whole world 
has been accurately surveyed, and no attempt seems 
to have been made to distinguish between those re¬ 
gions of which the maps are based on triangulation, 
such as England and parts of Europe, and the coun¬ 
tries of which complete surveys have not yet been 
made. As the construction of the map proceeds and 
sheets are prepared of parts of the world our know¬ 
ledge of which is imperfect, this want will become 
more pressing, but it is noticeable even with regard 
to the sheets already published. It is one of the evils 
of cartography that where anything is shown on a 
carefully engraved map it comes to be regarded as 
true, and, if it afterwards turns out to be erroneous, 
it is not easy to get it altered. 

The scale of the map, 1/1000000, appears to have 
been wisely chosen, as it is sufficiently large to give 
an adequate amount of detail, while, at the same 
time, the sheets will not be unduly numerous. Of 
course, for an international map a cadastral scale 
was essential, although for national maps a scale 
based upon the national system of measures is more 
convenient, as, for example, in the United Kingdom, 
where the scale of one inch and six inches to the mile 
are better than scales of 1/50000 and i/ioooo would 
have been. They are more suited for the majority 
of individuals, and an ordinary foot-rule can be used 
for measuring distances, instead of having to take 
them off with a pair of dividers from the printed scale 
on the map. 

Looked at from the general point of view, there can 
be no doubt that the international map is a most 
important and valuable undertaking. It is satisfac¬ 
tory that such a leading part in the matter has been 
taken by the British officers of the Royal Engineers 
and by the Royal Geographical Society. 

In speaking of this map, 1 have referred to the 
advisability, if not the necessity, of distinguishing 
between what is accurately and what is inaccurately 
known, and this brings me to another matter of 
considerable interest, the preparation of maps based 
upon the observations and information collected by 
explorers in unknown or little known countries. To 
these explorers, some of whom have not been trained 
in geographical science, a large amount of detail 
shown upon modern maps is due, and it is only a 
small proportion of the land surface of the globe 
that has, up to the present, been surveyed in a 
scientific manner. 

It is therefore of the greatest importance that the 
best value possible should be obtained from the work 
done by explorers, and this in the past has not always 
been sufficiently attended to, though during the last 
few years it is better understood. The people who 
stop at home in comfortable ease do not sufficiently 
realise the difficulties under which the conscientious 
traveller works and gathers together information 
about the country he passes through. Formerly, he 
generally had to work out his own observations and 
compile his own maps, but now conditions in this 
respect have greatly improved, and when he brings 
home his observations, notes, and sketches he can 
hand them over to some body, such as the Royal 
Geographical Society, by whom they will be put in 
shape in a better manner than he could do it for 
himself. One has heard of an explorer in a little- 
known country sitting up all night after a hard day’s 
work, working out his astronomical observations, and 
trying to put his rough surveys into shape. He would 
have done better to have gone to sleep and prepared 
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himself by a good rest for the next day’s journey. 
In fact, it would be better if an explorer never looked 
at the figures of an observation after he had recorded 
them, or read over the notes of his past work, con¬ 
fining himself to recording what he has actually seen 
day by day as accurately as circumstances permitted, 
and carefully distinguishing what he really saw from 
what he thought he had seen, or what he had heard. 

It would be easy to adduce instances of the errors 
which have arisen from the neglect of such pre¬ 
cautions. Perhaps one of the best known is that I 
have already alluded to, when James Bruce, a careful 
explorer, because he had made up his mind that the 
Blue Nile was the real Nile, passed the White Nile 
without taking the trouble to examine it, and recorded 
it as being a comparatively insignificant river. Then 
there was the case of Sir Samuel Baker, who, having 
reached the shores of the Albert Nyanza with great 
difficulty, depended too much on what he was told by the 
natives, and showed it on his map as extending many 
miles to the south of the equator. But great respon¬ 
sibility rests also upon those who have the task of 
compiling a map from the notes of an explorer, and 
the greatest care has to be taken to show' only w'hat 
is really known, and not what is uncertain. Geo¬ 
graphers, whether in the field or in the drawing 
office, should always hold up before themselves a 
standard of accuracy higher than it is always easy 
to live up to. 

Geography under its more ancient name of 
geometry is, of course, the mother of all sciences, 
although at the present time geometry has got a 
more narrow meaning, and is perhaps regarded by 
some as independent of geography, although really 
only a branch of it. The study of the earth upon 
which they lived was, to the ancient nations, the most 
important of ail studies, and it is interesting to trace 
how astronomy, mathematics, geology, and ethnology 
are all so interspersed with geography that it is diffi- 
cut to separate them. It is satisfactory to note how 
from the very first the British Association has always 
recognised tire great importance of geography, since 
the first meeting of the Association at Oxford in 
1832, when Sir Roderick Murchison, so well known 
to fame, acted as president of the Geographical and 
Geological Section. These two sciences remained 
united in the same section until the meeting at Edin¬ 
burgh in 1850, when Sir R. Murchison was again the 
president. But, at the next meeting at Ipswich in 
1851, they were separated, and while geology re¬ 
mained as the subject of Section C, geography, on 
account of its great importance, was made the sub¬ 
ject of Section E, and the science of ethnology was 
united with it. Sir R. Murchison was the first presi¬ 
dent of the new Geographical Section, and was after¬ 
wards president no fewer than six times of Section E, 
showing the great importance attached bv him to the 
study of the science of geography. May I express the 
hope that the presidents of the section will endeavour 
in future to follow, however humbly, in the footsteps 
of that leader of science. 


SECTION G. 

Engineering. 

Opening Address by Prof. Archibald Barr, D.Sc., 
President of the Section. 

One of the great engineers of the past, Leonardo 
da Vinci, prefaced a collection of observations on 
various themes, including the mechanical arts, with 
the remark:—“Seeing that I cannot choose any sub¬ 
ject of great utility or pleasure, because my prede¬ 
cessors have already taken as their own all useful and 
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necessary themes, I will do like one who, because of 
his poverty, js the last to arrive at the fair, and not 
being able otherwise to provide himself, chooses all 
the things that others have already looked over and 
not taken, but refused as being of little value. With 
these despised and rejected wares—the leavings of 
many buyers—I will load my modest pack, and there¬ 
with take my course.” These words describe, with 
some approach to exactitude, the position in which I 
find myself, and may form a fitting introduction to 
an address that will be discursive rather than 
systematic, and perhaps more critical than con¬ 
structive. 

It may be less true to-day than it was four hundred 
years ago to say that all important matters concern¬ 
ing the existing state of the mechanical arts have 
been dealt with in spoken or written addresses. Each 
year there might be found sufficient subject-matter 
for a general survey of the ground that has been 
covered or a sketch of what lies before us. But each 
important advance is nowadays recorded as soon as 
it is made, and I do not feel that I have any special 
call to assume the rdle of the historian, nor can I 
claim any right to don the mantle of the prophet. 

A president of this section who is not disposed to 
deal with the general aspects of the progress being 
made in the department of science allotted to us can 
usually find a large enough subject for his address 
within the limits of that part of our wide field with 
which his own work has been more particularly 
identified, and it might be expected that I would 
devote my address to a discussion of the conclusions 
at which I have arrived during thirty-six years of 
practice and experience in the teaching of mechanical 
science. But so much has been said of late on the 
training of engineers, and so many divergent and even 
irreconcilable opinions have been expressed regarding 
the lines such training should follow, that I feel sure 
I shall be relieving the apprehensions of some of my 
audience if I Begin by stating that I do not propose 
to inflict upon you a discourse on that threadbare 
theme. There are limits to the endurance even of 
those who practise a profession well calculated to 
inculcate the virtues of patience and forbearance. 

When we have as president of the section one who 
has broken new’ paths in the exploration of the terri¬ 
tory assigned to us, or to whose labours the fruitful¬ 
ness of some corner of the domain may be chiefly 
attributed, w’e would scarcely be disposed to tolerate 
the omission from his address of an account of his 
own special work, in investigation or in practice, and 
the developments to which it is leading. But while, 
no doubt, every worker is the chief authority on 
something or other, the plot he cultivates may be so 
restricted in area, and its products may bulk so little 
in the general harvest, as to form no suitable topic 
to engage the attention of his fellow-workers on such 
an occasion as this. 

When an engineer leaves practice in the great, and 
takes to the devising and production of what are 
usually referred to specifically as “ scientific instru¬ 
ments ” (though all machines and mechanical appli¬ 
ances mav properly be classed as such), his colleagues 
in the profession may be disposed to look upon the 
change as a degeneration of species. Naturally I am 
not disposed to accept such a verdict. Remembering 
the careers of those who did most in the founding 
of the various branches of present-dav practice, I am 
quite prepared to accept as applicable another phase 
borrowed from the language of the biologist, and to 
let it be called a “reversion to a more primitive type.” 
But instead of dealing with the narrow branch of 
applied science with which my own practice is chiefly 
connected, I prefer to utilise the short time at my 
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